INTRODUCTION
============

Dental erosion is defined as the loss of dental hard tissue by a chemical process that does not involve bacteria^[@r87]^. The continuous erosion process occurs in different stages. Initially, softening of enamel surface occurs and this process can vary according to the immersion time and the type of acids involved. If the erosive challenge persists, dissolution of consecutive layers of enamel crystals takes place, leading to a permanent loss of volume with a softened layer on top of the remaining tissue^[@r69]^. Dental erosion can have extrinsic or intrinsic causes. The intrinsic causes comprise recurrent vomiting as in patients suffering from anorexia and bulimia, cytostatic drug treatment or propulsion of gastric contents into the mouth due to gastroesophageal reflux. Extrinsic causes comprise frequent consumption of acidic foods or drinks, the use of acidic hygiene products and acidic medicines. such as effervescent vitamin C or aspirin. Alcohol has been also associated with erosion. Gaseous acids or chemicals breathed during work may also cause erosion^[@r78]^.

In enamel, the lesion primarily develops in the prism sheath areas, followed by dissolution of prism cores. Eventually, the interprismatic areas are also affected. Bulk mineral is centripetally etched away in enamel erosion leaving a partly demineralized softened surface layer, which is prone to mineral deposits after topical fluoride application^[@r18]^. In dentin, erosive demineralization results in the exposure of an outer layer of fully demineralized organic matrix followed by a partly demineralized zone until the sound inner dentin is reached^[@r55]^. There are several physiological factors that may modify the erosive process both ways, i.e. they may either protect against erosion or increase the degree of erosion. These include saliva, tooth composition and structure, dental anatomy and occlusion, anatomy of soft tissues in relation to teeth, and physiological movements like swallowing^[@r116]^.

One of the main biological parameters is saliva. It provides protection against acid erosion by different ways^[@r35],[@r36],[@r40],[@r67],[@r83]^. First, there is the influence of the acquired pellicle^[@r37],[@r40]^. Second, saliva presents a diluent action over the acids. Third, salivary clearance gradually eliminates the acids through swallowing. Fourth, saliva presents buffering capacity causing neutralization and buffering of dietary acids. Fifth, saliva is supersaturated with respect to tooth mineral content, providing calcium, phosphate and fluoride necessary for remineralization. Sixth, many proteins present in saliva and acquired pellicle play an important role on dental erosion ([Figure 1](#f01){ref-type="fig"}).
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In this literature review, we discuss these key issues that relate saliva to dental erosion, focusing on the development of preventive measures that rely on salivary composition, characteristics and properties. This will help the reader to better understand the role of saliva as the most important biological factor related to the development of dental erosion, allowing the translation of this information to the clinical situation.

MATERIAL AND METHODS
====================

In order to review the role of saliva on the development of dental erosion, a search was undertaken on MEDLINE website for papers from 1969 to 2011. The keywords used in the research were \"saliva\", \"acquired pellicle\", \"salivary flow\", \"salivary buffering capacity\" and \"dental erosion\". The titles and abstracts were first screened before the full-text articles were considered. Only English-and Portuguese-language research papers were selected. Inclusion of studies, data extraction and quality assessment were undertaken independently and in duplicate by two members of the review team. Disagreements were solved by discussion and consensus or by a third party. In order to organize the central ideas, the text was divided into the following sections: salivary composition, acquired pellicle, salivary flow and buffering capacity, salivary clearance, remineralization and the relationship between metalloproteinases of matrix (MMPs) and dental erosion.

Salivary composition
--------------------

Saliva is secreted by three pairs of major salivary glands (parotid, submandibular and sublingual) plus numerous minor salivary glands^[@r100]^. This fluid is constituted by inorganic and organic components. Among the inorganic components, bicarbonate is related to saliva buffering capacity, while calcium and phosphate allow for maintenance of tooth mineral integrity.

In the organic composition, there are a number of proteins and glycoproteins in human saliva that may influence several aspects of oral health^[@r14]^. Many of these proteins contain high levels (35-40%) of proline, and are therefore, designated proline-rich proteins (PRPs), which comprise almost 70% of the total protein content of human parotid saliva. Since amylase comprises most of the remainder of the total protein content of parotid saliva, the other proteins (such as lysozyme, lactoferrin, peroxidase, and secretory IgA) that have received more attention in attempted linkages between saliva and oral health are, in fact, relatively minor components^[@r14]^.

Statherin allows saliva to maintain its state of supersaturation with respect to calcium and phosphate salts. Thus, these protein components contribute greatly to the maintenance of an intact dentition through their binding and inhibition of spontaneous calcium phosphate precipitation and crystal growth, while at the same time providing possibilities for heterogeneities in microbial colonization through their specific bacterial binding patterns^[@r25],[@r26]^.

Intact histatins have been identified in *In vivo*formed acquired pellicle and have been attributed to possess anti-demineralization properties when phosporilated. It appears that binding of intact histatins to the enamel surface occurs prior to their proteolytic degradation, and that binding to the mineral exerts a protective effect against further enzymatic proteolytic degradation^[@r96]^.

Mucins, the major organic component of submandibular/ sublingual saliva, are large glycoproteins. Their high degree of glycosylation and potential for hydration prevent desiccation while their viscoelastic properties provide lubrication. They may also bind to toxins, agglutinate bacteria, interact with host cells, and are important components of the acquired pellicle and plaque matrix^[@r84]^. Salivary mucins have been reported to contribute to a large extent to the protective effect of the acquired pellicle against enamel erosion^[@r84]^.

Saliva also contains matrix metalloproteinases (MMPs) that have been recently implicated in the progression of erosion^[@r51]-[@r53],[@r73]^, which will be discussed later.

Knowing the role of organic components of saliva on the protection against dental erosion, it would be important to assess the concentration of these potentially protective components in patients at high risk to develop erosion, as well as to determine if these values are different from a normal healthy reference population.

Acquired pellicle
-----------------

All solid surfaces exposed to the oral cavity are covered by a proteinaceous layer referred to as the acquired pellicle^[@r33],[@r35],[@r39],[@r63]^. It is an organic film free of bacteria that covers oral hard and soft tissues. It is composed of glycoproteins and proteins, including several enzymes^[@r33]^. Using liquid chromatography-electrospray-ionization tandem mass spectrometry (LC-ESI-MS/MS), a total of 130 different proteins have been identified in *In vivo* collected human acquired enamel pellicle and at least 89 of these could be identified in at least 3 experiments^[@r97]^. Among the identified proteins, only 14.4% derived from exocrine salivary glands, while 67.8% derived from cells and 17.8% originated from serum, coming through the crevicular fluid. If these proteins are grouped based on their possible role in the acquired pellicle formation, they can be separated into three main groups: proteins that have ability to bind calcium ions (17.5%), those that show a high tendency to bind phosphate ions (15.4%), which may form the primary protein layer that adsorbs to the enamel surface and finally those that can interact with other proteins (28.2%). The last ones are possibly involved in the formation of successive protein layers by interacting with proteins directly adsorbed onto the enamel surface. Regarding their biological functions, the identified proteins are involved in inflammatory response (12.5%), antimicrobial (8.3%) and immune defense (11.3%), lubrication (\<1%), buffer (\<1%) and remineralization (15.5%) capacities. The presence of proteins covering enamel and involved in lubrication, buffer and remineralization processes makes acquired pellicle an important factor related to the etiology of dental erosion. It serves as a diffusion barrier or a perm-selective membrane, preventing direct contact between acids and the tooth surface^[@r35]^, and thus inhibiting its demineralization^[@r01],[@r36]^.

The acquired pellicle may protect against erosion by acting as a diffusion barrier or a perm-selective membrane, preventing direct contact between the acids and tooth surface, thus reducing the dissolution rate of dental hard tissue^[@r37],[@r40]^. It is important to highlight that in most *in vitro*studies, the researchers employ artificial saliva and most of the formulations lack salivary proteins, thus not allowing the adequate formation of acquired pellicles, which has an impact on the erosive process. Ideally, *in vitro*erosion models should incorporate exposure to natural human saliva what is not an easy task^[@r109]^, since collection of natural saliva is time consuming and this fluid decomposes quickly^[@r01]^. It is noteworthy that greater amount of intact proteins has been detected within *in vitro* pellicles compared with *In vivo* or *in situ* pellicles^[@r115]^. This implies that maturation processes might occur during *In vivo* pellicle formation and enzymes immobilized in the pellicle such as transglutaminase have been shown to be involved in this process^[@r34]^, with impact on the protective properties of the pellicle. Additionally, the composition of the pellicle layer can be affected by the diet. It has been demonstrated that rinse with milk or kappa-casein changes the number and molecular weight of the proteins deposited in the acquired pellicle, when compared with rinse with water^[@r104]^. Following this rationale, addition of casein to acid solutions and soft drinks has been shown to reduce their erosive potential^[@r42]^.

Recently, several studies have focused on the protective impact of the *in situ* formed acquired pellicle on enamel surfaces^[@r35]-[@r38],[@r42]^. Pellicle layers formed *in situ* for 0.5, 1 and 2 h^[@r37]^ or 2, 6, 12 and 24 h^[@r38]^, respectively, do not differ significantly in their ability to reduce enamel demineralization. However, acid resistance of the pellicle layer itself seems to be dependent on formation time, since the 2 h pellicle dissolves from the enamel surface more rapidly compared with 6, 12 and 24 h pellicles^[@r38]^.

Compared with enamel, information regarding the role of dentin pellicle on erosion is more limited. In a previous *in situ* study conducted over 14 days, it was shown that saliva offered better protection against erosion of enamel than of dentin. Significantly less enamel and dentin loss could therefore be observed for samples stored *in situ* compared with storage in water or saliva *in vitro* ^[@r30]^. Due to the different composition of dental hard tissues it may be assumed that the protective properties of the pellicle can vary for enamel and dentin erosion. A recent study found a protective, but limited, effect of the acquired pellicle on dentin surfaces^[@r31]^. The thickness of the demineralized dentin surface after 5 min of acid contact was not different for pellicle-free and pellicle-covered samples, but the presence of the pellicle significantly reduced calcium loss of the dentin samples^[@r31]^. In contrast, Hara, et al.^[@r40]^ (2006) showed that an intraoral pellicle formed for 2 h was not effective in reducing dentin softening induced by an excessive acid challenge (1,030 min, orange juice). However, the lack of protective effect found in this case might have been due to the high erosive challenge employed.

As different acids vary in their ability to demineralize bovine enamel^[@r32]^, the protection of the *in situ* formed pellicle on enamel and dentin erosion caused by hydrochloric, citric and phosphoric acid was analyzed^[@r112]^. Bovine enamel and dentin samples were exposed for 120 min in the oral cavity of 10 healthy volunteers. Subsequently, enamel and dentin pellicle-covered specimens were extraorally immersed in 1 mL hydrochloric, citric or phosphoric acid (pH 2.6, 60 s, each acid n=30 samples). Pellicle-free samples (each acid n=10) served as controls. Calcium release into the acid was determined by atomic absorption spectroscopy. Pellicle-covered samples showed significantly less calcium loss compared with pellicle-free samples in all acid groups. The mean (±SD) pellicle protection (% reduction of calcium loss) was significantly better for enamel samples (60.9±5.3) than for dentin samples (30.5±5.0), but revealed no differences among the acids. The efficacy of the *in situ* pellicle in reducing erosion was 2-fold better for enamel than for dentin. Protection of the pellicle was not influenced by the kind of acid when enamel and dentin erosion was performed at pH 2.6. A reduction of calcium loss of between 59.8% and 77.5% for enamel samples eroded by 1% citric acid for 60 s has been detected^[@r37],[@r38]^. The overall protection of dentin (30.5%), obtained by integrating the results of the three different acids, is in accordance with previous results^[@r32]^, which showed a reduction of calcium erosion of about 27% after treatment with hydrochloric acid (pH 2.3, 5 min). Another *in vitro* study also showed that salivary pellicle offered proportionately greater protection for enamel (44%) than for dentin (14%)^[@r111]^.

The study by Wiegand, et al.^[@r112]^ (2008) allowed for direct comparison of the pellicle effects on erosion of enamel and dentin. It might be assumed that differences in the enamel or dentin structure could affect the composition or adsorption of the acquired pellicle^[@r27]^ and, thus, the protective efficacy of the pellicle. The protective potential of the enamel salivary pellicle is attributed to its ability to act to some extent as a diffusion barrier as well as a semi-permeable membrane^[@r38]^. The higher porosity and solubility of dentin compared with enamel led to a faster demineralization, which might prevent the pellicle from acting as a protective barrier^[@r40]^. It has been also speculated that saliva penetrates the tubule system of dentin to produce not only a pellicle layer on the surface but a meniscus of viscous liquid at the tubule orifices^[@r114]^. Further studies are necessary to analyze possible differences in the composition and structure of the acquired pellicle on enamel and dentin which might be responsible for the different protection. However, it cannot be excluded that the protective capacity of the pellicle and the difference between enamel and dentin protection might be less evident under severe erosive conditions, as that used by Hara, et al.^[@r40]^(2006)^.^

Taking into account the great number of proteins that have been already identified in the acquired pellicle and its protective role against dental erosion, studies should focus on investigating which pellicle components are more associated with this protective role. Thus, preventive therapies should attempt to enrich the pellicle with these proteins in order to enhance its protective potential.

Salivary flow and buffering capacity
------------------------------------

Clinical experience with patients suffering from salivary flow alterations demonstrates the importance of saliva. Studies have shown that erosion may be associated with low salivary flow or/and low buffering capacity^[@r48],[@r68],[@r91]^. Dry mouth condition is usually related to aging^[@r14],[@r82],[@r86]^, even though other studies have not found this correlation^[@r04],[@r41]^. It is well established that patients taking medication can also present decreased saliva output^[@r114]^, as well as those who have received radiation therapy for neck and head cancer^[@r15]^. Tests of the stimulated and unstimulated flow rate and buffering capacity of saliva may provide some information about the susceptibility of an individual to dental erosion. However, it has to be kept in mind that these parameters are only two of a multifactorial condition^[@r66]^. Studies have shown that sour diet have a strong influence on the anticipatory salivary flow^[@r08],[@r62]^, which can be significantly increased when compared with the normal unstimulated flow rate^[@r16]^. Hypersalivation also occurs in advance of vomiting and can be observed in individuals suffering from anorexia and bulimia nervosa, rumination and chronic alcoholism. It has been suggested that this could minimize erosion caused by gastric acids^[@r66]^. The same is not valid for patients suffering from gastroesophageal reflux disease because in this case the response is involuntary and not coordinated by the autonomic nervous system. Thus, there may be insufficient time for saliva to play its role before erosion occurs^[@r92]^.

Salivary flow may also to be reduced in cases of vigorous exercising due dehydration that may be induced by enhanced elimination of body fluids^[@r65]^. Association between sport activities and erosive tooth wear has been reported^[@r44],[@r45]^. The cause could be direct acid exposure or strenuous exercise, which may increase gastroesophageal reflux. Also swimmers exercising in water that has a low pH and athletes who frequently consume erosive sports drinks have increased risk to develop erosive lesions. Furthermore, sports drinks are often erosive^[@r44],[@r45],[@r99],[@r106]^ and their consumption during strenuous activity when the person has already some degree of dehydration may enhance the possible destructive effects.

Some systemic diseases may affect salivary flow. For instance, in Sjögren Syndrome, a chronic autoimmune disorder, saliva levels of gelatinase and collagenase increase because of a chronic inflammation deriving from an autoimmune disease, which affects the salivary glands, reducing salivary flow rate and increasing caries incidence^[@r58],[@r113]^ with a probable impact on the prevalence of erosion. It has been reported that patients submitted to radiation therapy have decreased salivary flow rate, buffering capacity and salivary pH, what in turn is correlated with active salivary MMP-9^[@r108]^. As discussed below, the activity of Matrix Metalloproteinases (MMPs) might be related to a faster progression of erosion.

Salivary flow stimulation can yield an increase in bicarbonate buffer and in salivary mineral content, which can facilitate calcium and phosphate redeposition onto the enamel and dentin surfaces and reduce dental tissues loss^[@r10]^. Rios, et al.^[@r89]^ (2006) showed that saliva stimulated by the use of sugar-free chewing gum promoted a remineralizing action in the erosive/abrasive phenomena. Increased salivary clearance also reduces intrinsic erosion. It was shown that chewing sugar-free gum for 30 minutes after a meal can reduce acidic postprandial esophageal reflux^[@r81]^. In contrast, sucking of acidic candies might change the whole saliva composition so that it may have erosive potential^[@r49]^. The remineralizing effect of saliva might be increased by rinsing with milk or eating cheese, which are of interest because they contain higher levels of calcium and phosphate than water or saliva and, therefore, may act as donors of calcium and phosphate for remineralization^[@r22]^. Although the consumption of milk or cheese or chewing gum can be recommended to enhance the rehardening of demineralized dental hard tissues, only few studies investigated their effects on enamel demineralization as yet^[@r21]-[@r23]^.

Besides local saliva stimulators, such as chewing gum, the salivary flow rate can also be increased systemically. Thus, patients suffering from xerostomia are often treated by cholinergic drugs, such as pilocarpine. Moreover, saliva substitutes might provide relief of the oral symptoms. Saliva substitutes should be of neutral pH to prevent demineralization of the dental hard tissues and should be saturated with respect to calcium and phosphate to gain remineralizing potential^[@r79]^.

Salivary clearance
------------------

Salivary clearance is the process by which substances are removed from the oral cavity^[@r100]^. The act of swallowing and salivary flow directly influence salivary clearance. When dietary substances such as sugar or acid are ingested, they stimulate salivary flow if they are concentrated above the taste threshold. This shortens the half-time until the flow rate reaches the unstimulated flow rate. There is a correlation between a decreased salivary flow rate and the capacity to clear acidic substances from the mouth^[@r67],[@r93]^.

In patients with reduced salivary flow rate, acid clearance is reduced, and less dilution of acid will be present upon attack of the tooth surface, contributing to erosion progress especially where there is a direct contact with the acid. This happens because the acid clearance is the most rapid in that location and the salivary film velocity is the highest in the mouth. Therefore, after a person consumes acid, the Stephan curves at those places will be shallow, and saliva will tend to remain undersaturated with respect to the tooth minerals^[@r11]^.

The clearance rate may be influenced by the position of the tooth in the mouth. When the pH at the surface of teeth of healthy volunteers after drinking 1% citric acid was monitored^[@r80]^, it was observed that the pH recovered to above pH 5.5 within two minutes from a site adjacent to the palatal surface of the upper central incisor and within four-to-five minutes from the other palatal surface of the upper first molar. More recent observations have revealed a longer clearance time on the upper incisors for patients with active erosions compared with patients with no erosion^[@r65]^. These differences could be due to the anatomy of the teeth and soft tissues, which may influence the retention and clearance patterns of erosive agents. Also, soft tissue movements of the tongue and buccal mucosa and the swallowing pattern can influence the clearance rate. The importance of the tongue in modifying the tooth-wear process has long been subject of speculation^[@r28],[@r65]^.

Remineralization
----------------

The most important factors in the repair of softened enamel are saliva and fluoride^[@r46]^. Acid-softened enamel can reharden after exposure to saliva or to a remineralization solution and dietary substances and fluoride may enhance the remineralization process^[@r01],[@r18],[@r22]^. Nevertheless, some *in situ* investigations could not detect a significant rehardening effect of saliva^[@r09],[@r20],[@r23],[@r64]^, while others have reported a beneficial effect of salivary stimulation with a sugar-free chewing gum^[@r89]^ on rehardening of eroded and eroded/abraded enamel.

Calcium and phosphate, as well as an alkaline or neutral environment are prerequisites for remineralization. Calcium and phosphate levels in saliva act as common ions to the minerals in enamel and dentin, resulting in a slower dissolution rate of mineral^[@r78]^. Supersaturation of saliva with respect to apatite is possible due to the presence of the proline-rich proteins and a tyrosine-rich protein (statherin) which are able to inhibit calcium and phosphate precipitation^[@r29],[@r95]^. Salivary proteins have been shown to bind to dissolution sites and to cover crystallites by specific adsorption^[@r107]^.

Fluoride is well recognized to enhance remineralization and greatly reduce demineralization under mild acidic environments as happens in cariogenic challenges. Due to fluoride\'s effective action to reduce caries, its use to prevent erosive enamel loss has been proposed^[@r03]^. In the case of dental erosion, however, no subsurface lesion is available for remineralization, and therefore the precipitation of CaF~2~-like layers can be assumed to be the only mode of action of fluoride. However, the protective effect of fluoride on erosion is controversial^[@r60]^. Promising results to inhibit erosion have only been obtained in the presence of high fluoride concentrations^[@r02],[@r61]^. It was demonstrated that enamel exposed to erosive conditions is more susceptible to abrasion, but after being exposed to artificial saliva, the eroded enamel became more resistant to abrasion^[@r02]^. In saliva, however, CaF~2~ is less soluble than in water or in phosphate buffer^[@r94]^ and CaF~2~-like precipitates can therefore be observed for several weeks after application, if a sufficient amount is deposited initially^[@r13]^. This saliva-induced remineralization is a slow process that may be enhanced by fluoride application. The onset of a more stable CaF~2~-like layer on the enamel surface results from the application of high-concentration fluoride agents, such as oral rinses, gels or varnishes which have been demonstrated to increase abrasion resistance and decrease the development of enamel and dentin erosion *in vitro* and **in situ** ^[@r59],[@r74]^. Most studies focusing on the preventive effect of fluoride on erosion used fluoride compounds which have been used over years in caries prevention, such as NaF, AmF, SnF~2~ or acidulated phosphate fluoride (APF) (12.300 to 22.600 ppm F, pH 1.0 to 7.0). Although the results of an *in vitro* study by Ganss, et al.^[@r19]^ (2008) suggest considerable differences among NaF, AmF and SnF~2~, the impact of different fluoride compounds on erosion was not analyzed under clinical conditions yet. The efficacy of fluorides to affect de- and remineralization is related to its concentration and depends on the pH of the fluoride agent. It is known that the formation of a CaF~2~ reservoir is increased under acidic compared with neutral conditions. Depending on the design of the study, the application of high-concentration fluoride agents might lead to a nearly complete reduction of dental erosion^[@r74]^.

In contrast to the application of highly fluoridated agents, a 1,000 ppm F dentifrice was shown to have a limited beneficial effect compared with non-fluoridated dentifrices on abrasion of eroded dentin and enamel^[@r71],[@r88],[@r90]^. However, in a recent *in situ* study, it was shown that a 5,000 ppm F dentifrice had the same effect as a 1,100 ppm F dentifrice on eroded and eroded and abraded dentin. Also for enamel wear, no significant differences were found among 1,100 and 5,000 ppm F dentifrices^[@r90]^. In general, the efficacy of a fluoridated dentifrice does not increase along with the F concentration in dentifrices containing more than 1,000 ppm F and the reduction of wear seems to be less than 30% for this fluoride vehicle compared with placebo^[@r71],[@r90]^.

In conclusion, high-concentration fluoride agents and/or frequent applications seems to be effective to prevent dental erosion and this protective effect might be more effective in enamel than in dentin^[@r72]^.

MMPs and erosion
----------------

MMPs are the major enzymes responsible for the degradation of almost all proteins of the extracellular matrix. It is believed that most MMPs from saliva come from gingival crevicular fluid^[@r47],[@r98],[@r103],[@r110]^. However, other studies suggest that at least gelatinases (MMP-2 and MMP-9) are also secreted by the parotid gland^[@r75]^. MMPs are also present in whole saliva^[@r47],[@r75],[@r103]^ and dentin^[@r76],[@r77],[@r101]^.

In dentin, the erosive demineralization results in the exposure of an outer layer of fully demineralized organic matrix followed by a partly demineralized zone until the sound inner dentin is reached^[@r55]^. Dentin demineralization rate decreases when the amount of degradable collagen increases. It is believed that the demineralized matrix hampers ionic diffusion into and out of the demineralizing area^[@r56],[@r57]^. Dentin organic matrix can be degraded both mechanically and chemically. Chemically, it can be degraded by MMPs that are a family of zinc-dependent proteolytic enzymes degrading extracellular matrix proteins, including different collagens in native and denatured forms^[@r05]^. The activation of MMPs seems to play a role in dentinal erosion progression, since they have a crucial role in the collagen breakdown that leads to progression of dentin caries lesions^[@r102]^. Various MMPs-including at least MMP-2, 8, -9 and -20 are present in human dentinal caries lesions^[@r101],[@r102]^. Dentin matrix contains mainly type I collagen, and salivary MMPs degrade this matrix after demineralization^[@r102]^. Intact human dentin also contains latent mammalian collagenase^[@r12]^ and MMP-2^[@r50],[@r76],[@r77]^. In addition, individuals with a high concentration of MMPs in saliva present an increased susceptibility to dental caries^[@r06]^. Also MMP-8 present in saliva may negatively influence the remineralization of demineralized dentin^[@r85]^. Furthermore, MMPs can be activated by lowering the pH to 4.5, followed by neutralization^[@r102]^, as it occurs during the carious process when the pH in dental plaque drops within minutes after sugar ingestion until neutralized by salivary buffers. The same rationale was recently applied to dental erosion, leading to a series of *in situ* studies.

In the first study, the protective effect of a green tea rinse after erosive challenges against erosion and erosion associated to abrasion (immediate or after 30 min) was evaluated. Regardless the experimental condition, the green tea rinse significantly reduced the wear compared with water rinse. For both treatments, the wear was significantly higher when abrasion was performed immediately after erosion compared with erosion alone. Only when rinsing was performed with water (control), delayed abrasion (30 min) led to significantly higher wear than erosion alone^[@r53]^.

In a subsequent study it was not tested plain green tea, but a green tea extract containing 30% epigallocatechin-gallate (EGCG) (OM24^TM^, 100% *Camellia sinensis* leaf extract, pH 7.0, Omnimedica AG. Schlieren, Switzerland), as well as chlorhexidine digluconate (0.06% chlorhexidine, pH 6.0, Periogard^®^; Colgate-Palmolive, São Bernardo do Campo, SP, Brazil) as rinse solutions in the prevention of erosion. Water was used as a negative control and Meridol (250 ppm fluoride, Gaba, Müchenstein, Switzerland), as a positive control. All solutions significantly reduced the dentin wear by 30-50% when compared with control for both conditions (erosion and erosion associated to abrasion). Despite green tea extract and chlorhexidine solution led to lesser wear when compared with fluoride solution, the differences between these solutions were not significant^[@r73]^.

In the next step, the active principle in green tea (pure EGCG at concentrations of 10 and 400 µM) and also chlorhexidine (0.012%) were tested. These concentrations are known to inhibit MMP-2 and -9. Additionally, the contact time of the active substances with dentin was increased by using the products in the form of gels. The gels were applied on the dentin blocks for 1 min before starting the erosive challenges only once. The erosive challenges were essentially the same employed in the two above-mentioned studies^[@r53],[@r73]^. A negative control (gel without any active principle) and a positive control (gel containing 1.23% F). The positive control (F) reduced erosion in more than 50%, but it was not significantly different from placebo. The gels containing MMP inhibitors completely inhibited erosion^[@r51]^. The same was observed when a gel containing FeSO~4~, which was shown to inhibit MMP-2 and MMP-9, was used^[@r52]^. The proposed role of MMP inhibition on the decrease of dentin erosion progression is illustrated in [Figure 2](#f02){ref-type="fig"}.

![Proposed mechanism of action of Matrix Metallloproteinases (MMPs) on dentin erosion. Spheres: inactive MMP. Asterisk shapes: active MMP. (A) Sound dentin. After the erosive challenge, the dentin surface is demineralized (B), causing the exposure of the collagen fibrils (C). When unprotected by a MMP inhibitor, the collagen fibrils are exposed by the action of the acid of the soft drink and the collagen fibrils hydrolysed (C, D). By the inhibition of dentin-bound and/or salivary MMPs (B'), the preserved organic layer prevents further demineralization during the subsequent erosive challenges (C'), resulting in a significant decrease in erosive wear (D'). Illustration modified from Kato, et al.[@r52] (2010)](jaos-20-05-0493-g02){#f02}

The inhibitory effect of chlorhexidine on MMPs is attributed to a chelating mechanism, since the inhibition of MMP-2 and MMP-9 could be prevented by the addition of calcium chloride chlorhexidine. It was also discussed that chlorhexidine might interfere with essential sulfhydryl groups and/or cysteine present in the active site of MMPs^[@r24]^. As for the inhibitory effect of EGCG on MMPs, it is believed that this polyphenol might interact with the enzyme by hydrogen bonding and hydrophobic interactions, which might lead to conformational changes or to masking of the catalytic region of MMP-2^[@r07],[@r70]^. Regarding ferrous sulphate, it is believed that metal ions bind to specific sites, causing conformational changes that inactivate the catalytic function of enzymes^[@r52]^.

The results of this series of studies indicate that inhibition of MMPs (either dentin- or saliva-derived), preserving the demineralized organic matrix, seems to be effective to prevent dentin erosion. However, a proof-of-concept study is still necessary to confirm these findings. If this demineralized layer can be remineralized is still a matter of debate, since the literature is contradictory^[@r43],[@r54],[@r105]^. Further studies should be carried out in an attempt to access the longevity of the effect on wear reduction, to establish clinical protocols and to evaluate the possibility of remineralization of the demineralized organic layer, thus allowing complete reconstitution of the eroded dentin.

CONCLUSIONS
===========

Saliva is the most important biological factor affecting the progression of dental erosion. Knowledge of its components and properties involved in this protective role can drive the development of preventive measures targeting to enhance its known beneficial effects. On this regard, new approaches to prevent dentin erosion should take advantage of protective salivary components and properties. It is necessary that the information derived from *in vitro* and *in situ* studies is confirmed by clinical studies, which is not an easy task, due to the difficulty in finding response variables that can be reliably employed in the clinical situation.
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